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fN THE UNITED STATES PATENT AND TRADEMARi 
In re application of Cq^ 
Appljcant(s): Bernard l\^assie et al 

c 

Serial No: 10/656,372 
Filing Date: 09/08/2003 
Examiner: Donna C. Wortman 




Art Unit: 



1648 



Title: 



Efficient Generation of Adenovirus-based Libraries 



Doci<et No: 



1 0890-1 C 



OFFICIAL 



September 14, 2005 



To: 



The Commissioner of Patents 
and Trademarlcs 
Washington. D.C. 20231 
U.S.A. OFRCE OF PETITIONS 



Sir 



REQUEST FOR RECONSIDERATION OF PETITION FOR 
GRANTING OF A FILING DATE under 37 CFR 1 .53 and 1.182 

In response to the Decision mailed July 21, 2005, we hereby request re- 
consideration of the Petition for Granting of a Rling Date of September 8, 2003. 

We enclose herewith a Preliminary Amendment containing the omitted 
material and a request that the necessary omitted material contained in the 
prior application and submitted in the amendment, be included In the divisional 
application herewith based upon the incorporation by reference statement. 

It is hereby requested that the filing date of the Divisional application be 
accorded the original filing date of September 8, 2003 as submitted to the 
USPTO. 

We hereby authorize you to charge the Required Petition Fee of 
$130.00 to our Mastercard Credit Card. The required Form PTO-2038 is 
attached herewith. 
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We hereby authorize you to deduct any deficiency of the fee stated 
above or credit to this amount to our Deposit Account 14-0429. 

Respectfully submitted, 




^ayne Anderson 



\Patent Agent for Applicant 
R^n No: 28,158 
:lmg 

National Research Council Canada 

M-58. EG-12. Montreal Road 

Ottawa, Ontario K1A0R6 Tel: 613-993-3899 

CERTIFICATE OF FACSIMILE TRANSMISSION 



I hereby certify that this paper is being facsimile transmitted to the Patent and 
Trademark Office on the date shown below. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFnCE 



In re application of 
Applicant(s): 
Serial No: 
Filing Date: 
Examiner 
Title: 

Docket No: 



RECEIVED 
CEMTBALfiWC OBITER 

SEP 1 4 2005 



Bernard Massie et a! 
Unknown 
Herewith 

Donna C. Wortman Art Unit: 1648 _ 

Adenovirus Mutants with Deleted Protease Gene.. 
1 0890-1 C 



September 14, 2O05 



To: The Commissioner of Patents 
and Trademarks 
P.O. Box 1450 
Alexandria, VA 22313-1450 
U.SA 

PRELIIMINARY AMENDMENT 



IN THE SPECIFICATION : 

Please find enclosed pages 1 to 40 to be Incorporated herein. 
IN THE CLAIMS: 

Please find enclosed pages 41 to 43 to be incorporated herein. 
IN THE ABSTRACT: 

Please find enclosed the Abstract to be incorporated herein. 



IN THE DRAWINGS: 

Please find Figures 1 to 12 to be incorporated herein. 



REMARKS 



This application is a Divisional of U.S. patent application Ser. No. 09/843.949 
filed 04/30/2001. the entire content of which is incorporated by reference in 
this application. 
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It is understood that the Office of Petitions has placed the "Request for 
Reconsideration of Petition for Granting of a Filing Date" dated March 10, 
2005 on file. 

By this Preliminary Amendment, we hereby request that the necessary omitted 
material contained In the prior application and submitted in the amendment 
dated September 8, 2005, be included in the divisional application herewith 
based upon the incorporation by reference statement. 



I hereby certify that this paper is being facsimile transmitted to the Patent and 
TrademarkJOffice on the date shown below. 
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EFFICIENT GENERATION OF ADENOVIRUS-BASED LIBRARIES BY POSITIVE 
SELECTION OF ADENOVIRAL RECOMBINANTS THROUGH ECTOPIC 
EXPRESSION OF THE ADENOVIRUS PROTEASE 

RECEIVED 

5 CENTRAL FAX CENTER 

CROSS REFERENCE TO RELATED APPLICATION S E P 1 4 2005 

This application Is a Divisional of U.S. patent application Sen No. 09/843,949 filed 
04/30/2001, the entire content of which is Incoiporated by reference In this application. 

10 

FIELD OF THE INVENTION 

The present invention relates to a method of generation of adenovirus recomUnant 
vectors and adenovinjs-based expression libraries, in particular to a method of 
15 generation of adenovirus recombinant vectors and adenovirus-based expression 
libraries by positive selection of adenovirus recombinant vectors through ectoj^ 
expression-of the adenovirus protease. 

BACKGROUND OF THE INVENTION 

20 

The term "gene therapy* is usually understood to mean the process in which a gene Is 
Introduced into the somatic cells of an indivickral with the aim of being expressed in the 
cells, to produce some therapeutic effect, initially this principle was applied to cases 
where an additional normal copy of a defective gene was provided to restore the 

25 synthe^'s of a missing protein, such as an enzyme. The concept of gene therapy has 
since been broadened to include several other approaches. In particular, the transfemed 
gene (transgene) may code for a proton that Is not necessarily missing but that may be 
of therapeutic benefit and difficult to administer exogenously, for example iL-2 or 
antitumor cytokines. This form of gene therapy alms to enhance in vivo production of 

30 potentially therapeutic proteins. This approach Is similar to gene vaccination, where the 
transferred gene is introduced into the ceils to express a protein acting as an antigen 
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inducing a protective immune response of the host's immune system. Another fomi of 
gene therapy involves transfemng into celis non-physiologlcal sequences whidi have 
antiviral activity, such as antisense oligonucleotides or sequences. Finally, so-called 
suicide genes can be transferred into undeslrabto cells (cancer celts or infected ceils), to 
5 sensitize them to specific substances. When these substances are administered 
subsequently, they trigger selective destruction of the targeted cells. 

Gene delivery systems which transfer the desired gene Into the tanget cells are based 
either on physico-chemical or on bioiogioat methods. In each case the desired gene can 

10 be transferred into cells either in vitro, by extracting cells from an organ and 
reintroducing the cells transfected in vitro into the same organ or organism, or in vivo, 
i.e., directly into an appropriate tissue. Known physico-chemical metiKKJs of transfection 
inciudei for example, gene gun (biollstics), in situ naked DNA Injections, complexes of 
DNA with DEAE-dexlran or with nucleic proteins, fiposomal DNA prepamtions, etc. 

15 Biological metliods, considered to be a more reliable altemative to physico-chemical 
methods, rely on infectious agents as gene transfer vectors. In this group of methods, 
viruses have become infectious agents of choice, due to their inherent capability of 
infecting various celis. The transfer of a foreign gene by a viral vector is Icnown as 
transduction of the gene. 

20 

Several virus classes have been tested for use as ger^ transfer vectors, including 
retroviruses (RSV, HM8, MMS, eta), herpesviruses (e.g., HSV), poxvimses (vaccinia 
virus), adenoviruses (Ad, mainly derived from type 5 and 2 Ad) and adeno-associated 
viruses (AAV). Of those, adenovlms-based vectors are presently considered to be 

25 among the most promising viral vectors, due to their following properties, some of which 
are unique to thfs group of vectors: (1) adenovirus vectors do not require cell proliferation 
for expression of adenovirus proteins (i.e., are effective even in cells at the resting 
phase); (ii) adenovirus vectors do not integrate their DNA into the chron)osomes of the 
cell, so their effect is impennanent and is unlikely to interfere with the cell's nomnal 

30 functions; (iii) adenovirus vectors can infect non-dividing or temiinally differentiated 
cells, so they are applicable over a wide range of host cells; (iv) adenovirus vectors 

2 
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show a transducing effidency of almost 100% in a variety of animal cultured cells and in 
several organs of various species in vivo; (v) adenovirus vectors usually possess an 
ability to replicate to high titer, a feature important for the preparation of vector stocks 
suitable for the achievemmt of efficient transduction in viva; (v() adenovirus vectors can 
5 accommodate large inserts of exogenous DNA (have a high cloning capacity); (vii) 
recombination events are me for adenovirus vectors; (viir) there are no known 
associations of human malignancies or other serious heaWi problems with adenovims 
infections; (adenovims type 5 is originally known to cause cold conditions in humans; 
live adenovirus of that type having the ability to replicate has been safely used as a 
10 human vaccine (Top et aL,JJ.a,1 24,148-1 54; c/,/.a.124,155-160(1971)). 

Structurally, adenoviruses are non-envefoped viruses, consisting of an external capsid 
and an intemal core. Over 40 adenovirus subtypes have been Isolated from humans 
and over 60 additional subtypes from other mammals and birds. All adenoviruses are 

15 morphotogically and structurally simRarp even though they differ in some properties. 
Subtypes of hunrmn adenoviruses are designated according to serological response to 
, Infection. Of thosei serotypes Ad2 and AdS have t>een studied most intensively, and 
used for gene transfer purposes since the 80s. Genetically, adenovirus is a double- 
stianded DNA virus with a linear genome of about 36 kb. The genome is classified into 

20 eariy (El - E4) and late (LI - L5) transcriptional regions (units)* This classifteation Is 
based on two temper^ classes of viral proteins expressed during the eariy (E) and late 
(L) phases of virus replication, with viral DNA replication separating the two phases, 

A viral gene transfer vector is a recombinant virus, usually a virus having a part of its 
25 genome deleted and replaced mth an expression cassette to t>e transferred into the 
host celK Additionally to a foreign (exogenous) gene, the expression cassette comprises 
components necessary for a proper expression of the foreign gene. It contains at least a 
promoter sequence and a poiyadenylation signal before and after the gene to be 
expressed. Other sequences necessary to regulate or enhance the gene expression 
30 can be included in the cassette for specific applications. 
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The deletion of some parts of the viral genome may render the virus replication- 
Incompetent, i.e., unable to multiply In the infected host oeils. This tiighly desirable 
safety feature of viral vectors prevents the spread of the vector containing the 
recombinant material to the environment and protects the patient from an unintended 
5 viral infection and its pathological consequences. The replication-defective vims 
requires for its propagation either a complementing cell line (paclcaging cell line) or the 
presence of a helper virus, either of which serves to replace (restore in trans) the 
functions of the deleted part or parts of the viral genome. As it has been shown that the 
production of recombinant wral vectors free of replication-competent helper virus is 
10 difficult to achieve, the use of pacloging cell lines for the propagation of repiication- 
incompetent viral vectors is considereci to be the best choice for gene therapy puiposes. 

Early adenovirus vectors (sometimes refened to as first generation adenovlois vectors, 
or singly deficient vectors) relied on deletions (and insertions) in coding negions El 

15 and/or Ed of the viral genome (see, for example, US 5,670,488: US 5,698,202; US 
5,731,172). E3 deletion was usually perfomned to provide the necessary space for the 
insertion of foreign genes of a Hmited size. The E3 region is non-essential for viais 
growth in tissue culture, so that vec^rs deleted on^ in E3 region could be propagated 
in n(Kvcomplementing cells. As El region Is essential for the virus growth, El -deleted 

20 vectors could only be propagated in complementing cells, such as human 293 cells 
(ATCC CRL 1573), a human embryonic kidney cell line containing the El region of 
human Ad5 DMA. 

One of critical issues In the development of safe viral vectors is to prevent the 
25 generation of replication-competent virus during vector production in a packaging cell 
line or during the gene therapy treatment. This may happen as a result of a 
recombination event beW/e&n the genome of the vector and that of the packaging cells, 
or of the vector and the wikl-type virus present in the recipient ceils of the patient or 
introduced as a contaminant in the process of producing the recombinant virus. On 
30 occasion, a recombination event could generate a repiicatton-competent virus carrying 
the transgene, which virus might spread to the environment. Even though recombination 
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events are rare for El-^teleted adenovirus vectors, their in vivo replfcatfon and the 
ensuing risks could not be completely prevented, and generation of replication- 
competent adenovirus was demonstrated during the preparation of viral stocks. Another 
danger is the loss of replication deficiency (and the retum to a phenotypic state of 
5 multiplication) through complementation in trans in some cells which produce proteins 
capable of replacing proteins encoded by the deleted regtons of the viral genome. This 
was demonstrated for El -deleted adenoviruses. 

Attempts to improve the safety and cloning capaci^ of adenovirus vectors resulted In 
10 developn>ent of a new generation of multiply deficient adenovims vectors (also referred 
_ to as second generation or multiply deleted vectors), Additionaliy to deletions in El 
antVor E3 coding regions, these vectors are also deleted in other regions of the viral 
genome essential for vims repHcatkm, such as early regions E2 and/br E4 (see. for 
example, WO 95/34671; US 5,700,470; WO 94/281^) or late nsgions LI - L.5 (see. for 
15 example, WO 95/02697). Other Icnown approaches to improve the safety of adenovirus 
vectors include, for examine, relocation of protein IX gene in El -deleted adenovirus (US 
5,707,618)- and inaotivation of the gene iVa2 in a muitipty deleted adenovims (WO 
96/10088). All second generation adenovirus vectors are repKcatbn-deficient and 
require complementing cell lines for their propagation, to restore m trans the deleted or 
20 inactivated functions of the viral genome. More Importantly, such vectors show an 
improved resistance to recombination when propagated in complenrienting cell lines or 
transferred into recipient cells of a patient, malong recoml>ination events virtually 
none)dstent and Improving the safety of gene therapy treatments. 

25 Since their development in the early '80s, adenovims vectors (AdVs) have been widely 
used In gene transfer experiments for vaccination (renewed in: Randrianarison- 
Jewtoukoff et al., Biologicals, 23. 145-157 (1995)) and In gene therapy (reviewed In: 
Kovesdl et al., Cum Opin. in Bioteoli,, B, 583 - 589 (1997); IHitt et al.. in: The 
Development of Human Gene Therapy, Cold Spring Haitor Laboratory Press, pp 60 - 

30 86 (1999)). IHowever, recent developments in the area of adenoviral vectors, suc^ as 
the Increase of Insert size, the protongatlon and the regulation of transgene expresston, 



PA6E11l62'RCVDAT9fl4l200511:16:58 AM [Eastern Daylight Tiine]'SVR:USPTO{^^ 



09-14-' 05 11:19 FROM-NRC 



613-952-6082 



T-507 P012/062 F-193 



as well as the modulation of AdV tropism have further expanded their applications. In 
partteular, adenoviral vectors are now considered as one of the most powerful tools for 
functional genomics (reviewed In: Ouallkene and Massie, in: Cell Engineering, vol. 2, 
Kluwer Publisher, pp 80 - 154 (2000); Wang et al., Drug Discov. Today, 5, 10 - 16 
5 (2000)). Cloning and expressing numerous genes allows the generation of protein 
libraries useful for various applications, such as signal transduction studies or screening 
antisense DNA constmcts. Such applications of AdVs require a cloning system in which 
generation and selection of recombinant mutants can be easily perfomied. An ideal 
method for the construction of AdV libraries would ensure that i) very large number of 
10 clones are generated folbwing transfection of pemiissrve cells, and ji) only recombinant 
_ viruses are selected. However, at present the construction of AdVs remains a 
cumbersome and lengthy process ttiat is not readily amenable to the generation of latige 
collection of clones. 

15 Among the wide variety of methods used for the construction of recombinant AdV, 
several altow the generation of recombinant viruses without any background of parental 
genome (Ghosh-Choudhuiy et al., Gene^ 50, 161 - 171 (1986); Bett et aL, Proc. Natl. 
Acad Sa\ USA, 91, 8801 - 8806 (1994); Ketner et al., Proc. Natl. Acad ScL USA, 91, 
6186 - 6190 (1994}; Charller et ah. Escherichia coUJ. VIroL, 70, 4805 - 4810 (1996); 

20 Crouzel et al,, Proc. Natl. Acad. Sd USA, 94, 1414 - 1419. (1997); He et aL. Proc. Natl. 
Acad. ScL USA, 95, 2509 - 2514 (1998); Mizuguchi et al-, Hum. Gene Then, 9, 2577 - 
2583 (1998))- However, for all of these methods the number of viral clones generated is, 
at best, lower than 50 per \ig of viral DNA. Only one mettiod using the viral DNA-protein 
complex (DNA-TPC), which enhances the number of viral clones by up to 100-fold, was 

25 shown to provide large number of clones, albeit without selection for the recombinant 
ones (Miyake et al,, Proa Natl, Acad. Sci. USA, 93, 1320 - 1324 (1996)). This method 
relies on in vivo recombination in 293 ceils of the viral genome co-transfected with a 
transfer vector hart>oring enough homologous sequences as well as cis-acting 
elements, such the left ITR which contains the origin of replication and the packaging 

30 region* Thus, even though it Is currently possible to generate eeveml thousand of 
vimses per [xg of viral DNA, only a fraction of those will be recombinant. 

6 
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To minimize the work involved in the screening process, reporter genes euch as E. cofi 
LacZ (Schaack et al., J. Wro/., 69, 3920 - 3923 (1995)) or the green/biue fluorescent 
proteins (GFP/BFP) from A, victoria (Massie et a!., Cytotecfinology, 28, 53- 64 (1998)) 
can be used either rn the >rfral genome as negative screen, or in the transfer vector as 
5 positive screen. Although useful, this approach still suffer from the intrinsic limitation 
that, in a library of several thousand of clones, an even larger number of parental 
viruses would have to be screened against, a process which Is fairly time consuming. 
Furthermore, recombinant AdV are sometimes at growth disadvantage relative to the 
parental vims and these clones might be more difficult to isolate in a library, unless 
10 recombinant viruses are positively selected for growth. 

Thus far» a positive selection system compatible with the generation of very large 
number of AdV clones has not yet been developed. One possible approach to do so 
would be to ectojirically re-express an essential gene of adenovirus (urtiich gene has 
15 been deleted at Its native location) in such a way that only viral genomes that 
incorporated this gene would be able to grow in the selective environment (a positive 
selection). The present invention provkles such a novel system for cloning DNA 
sequences in AdVs using the adenovirus protease as an example of the essential gene 
whteh can be used for the positive selectton. 

20 

SUIVIMARYOFTHE INVENTION 

The present invention provides an adenovirus vector/packaging cell line system in 
25 which the vector replication is blocked by deletion of a single gene, not a viral 
transcriptional region, which deletion does not interfere with any other wal functtons. 
The deleted gene is the gene of the adenovirus protease. The protease encoded by the 
dieted gene Is expressed in a complementing (packaging) cell line through a 
regulatable expression cassette which induces no toxic effects in the cells, thus making 
30 the generatbn and production of the vector easier and efficient As the deleted gene is 
highly specific of adenovirus, no complementation of the gene in transduced cells is to 
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be expected, which Increases the safety and suftabiHty of the protease gene deleted 
vectors for gen© transfer purposes. 

When additionally deleted for El region of adenoviral genome, the vectors of the 
5 invention are blocked for replication, but are capable of a single round of replication If 
deleted only for the protease gene. The latter feature pennits an enhanced expression 
of flie transgene in transduced cells, which n^ay be of importance In some ap)pIications, 
for example to achieve localized enhanced expressimis oi transgenes {h situ tumor 
therapy) or eff ident vaccinations without boosting. 

10 

_ In a preferred embodiment, the Invention allows positive selection of El -deleted, 
protease-deleted recombinant adenovirus vectors comprising an exogenous gene or an 
expressible piece <tf exogenous DNA. by providing an expression cassette comprising 
the protease gene and the exogenous gene or DNA under control of a suitable 

15 promoter, which may be a regulatable (e.g., indudbie) promoter, inserted in place of El 
region in a shuttle vector. In another embodiment, the exogenous gene or expressible 
exogenous^DNA is put into a separate expression cassette, under oontiol of a suitable 
promoter, tn vivo recombination of the shuttle vector with a protease-deleted adenowral 
genome in suitable non-complementing cells gmerates viable recombinants only when 

20 rescuing the protease doned in El region. Non-recomblnant viral genomes are not able 
to grow due to the deletion of the protease gene, ensuring that only recombinant viral 
plaques are generated. This positive selection ensures generation of a faige number of 
high purity recombinant adenovirus vectors and allows generation of adenovirus-based 
expression libraries with diversity exceeding 10^ clones. 

26 

Consequently, it is an object of the present invention to provide novel cell lines capable 
of complementing in trans an adenovinjs mutant deleted for the protease gene, which 
cell lines contain DNA e}q>ressing the adenovirus protease. 
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It rs a further object of the prasent invention to provide a method for producing novel cell 
lines capable of complementing in tmns an adenovirus mutant deleted for the protease 
gene, which cell lines contain DNA expressing the adenovirus protease. 

5 It is a further object of the present Invention to provide a method of using cell lines 
. capable of complementing in trans an adenovims mutant deleted for the protease gene 
and containing DNA expressing the adenovirus protease to generate and propagate 
adenovirus mutants deficient for the adenovirus protease gene. 

10 It is a further object of the present Invention to provide novel adenovirus mutants 
deleted for the adenovirus protease gene. 

It is a further c^Ject of the present Invention to provide novel adenovirus mutants 
deleted for the protease gene and at least one addrtional adenovirus g&\e or genomic 
15 region. 

It is a further object of the present invention to provide novel adenovirus vectors for 
gene transfer, protein production, gene therapy and vaccination, said vectors deficient 
at least for the adenovirus protease gene arKt containing at least one exogenous gene 
20 to be transfened to and expressed in a host cell. 

It is a further object of the present invention to provide a novel method of generating 
recombinant adenovirus vectors comprising an exogenous gene or an expressible piece 
of exogenous DNA, by positive selection of recombinants deleted for the endogenous 
25 protease^ in which the protease gene is rescued by cloning the gene into another region 
of the adenoviral genome. 

It is a further object of the present invention to provide a novel method of generating 
adenovirus-base expression frbraries for expressing exogenous genes or expressible 
30 pieces of exogenous DNA. by positive selection of recombinants deleted for the 
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endogenous protease, in which the protease gene is rescued by cloning the gene in 
another region of the adenoviral genome. 

According to one aspect of the present invention, novel cell fines have been generated 
5 which are capable of expressing the Ad2 protease gene from a dicistronic expression 
cassette, under control of a tetracycline inducible promoter. The protease is expressed 
in these colls together with the green fluorescent protein (GFP), the latter used to 
facilitate cell cloning and expression monitoring. The novel cell lines have been 
prepared by transfecting derivatives of 293 cells with pieces of DNA encoding the Ad2 

10 protease and GFP, selecting cells harboring these pieces (cells expressing the GFP) 
, and amplifying them. The novel cell lines, stably expressing the Ad2 protease, produce 
amounts of protease equal to or greater than those reached after comparable infections 
by adenovirus. The biological activity of the novel cell lines has been denrionsbrated by 
their ability to fully support the reproduction of Ad2ts1 mutant, a temperature-sensitive 

15 mutant expressing a functionally defective protease and to restore normal yields of 
replication of two novel adenovirus mutdnts In which the protease gene has been 
deleted. 

According to another aspect of the prasent invention^ novel mutants of Ad5 deleted at 
20 least for the adenoviais protease gene have been generated. These novel mutants 
have been successfully propagated in the cell lines of the invention. 

According to yet another aspect, the present invention provides a method of genemting 
protease-deleted adenoviais mutants and adenovirus-based expression libraries having 

25 an exogenous gene or an expressible piece of exogenous DNA inserted in an eariy 
coding region, for example E1 coding region, using positive selection of recombinants 
obtained by in vivo recombination of adenoviral genome deleted for endogenous 
protease gene with a DNA construct capable of expressing the adenoviral protease and 
an exogenous gene or an expressible piece of exogenous DNA from an expression 

30 cassette or cassettes replacing the early coding region of the viral region or a part 
thereof, 

10 
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According to still another aspect^ the invention pravides an adenoviral expression library 
comprising a plurality of reccwnbinant adenovimses, each recombinant adenovirus being 
deleted for an essential gene of a late transcriptional region of adenoviral genome, such 
5 as the protease gene, and having this essential gene expressibly cloned in a second 
transcriptional region of adenoviral genome, each recombinant adenovirus further 
comprising an expressible piece of exogenous DNA. 



1 0 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 A Is a photograph showing e)4>ression of the protease by some clones of 293- 
tTA-PS and 293-rtTA-PS cells. Total j;Ht>teln extracts (30 ]ig) from different cell lines 
before (-) and after (+) induction were submitted to 14% SDS PAGE and transfen^ed to 
15 nitrocellulose sheet E cols expressed Ad2 protease (lane 1: E. coll), adenovirus 
endogenous protease (lane 3: AdV) and non-transformed cells (lane 2: mock) were 
included as controls. 

RG» 1 B is a photograph showing Immunoblot of protein extracts of FIG. 1 A. Proteins were 
20 revealed with an antiaotin antibody to check that the same amount of protein was 
loaded per well- 

FIG> 2 is a schematic representation of all molecular clonings perfomfied to generate 
bacterial plasmids hafboring protease deleted adenovirus regions. A PGR engineered 
25 protease deletion was introduced (after sequencing of the conresponding region) into 
pDE3 plasmid in AA^ich a 2378 bp upstream extension has been previously inserted by 
cloning of the Rsrtl/Xhol 6145 bp fragment from Ad5 genome. 

FIG. 3 is a schematic representation of bacterial plasmids hari>oring protease deleted 
30 adenovirus regions and of the recombinations performed in £1 coH to generate bacterial 
plasmids harboring protease deleted adenovirus genomes. The Ndel/Xhol fragment 

11 
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from pDE3-ext-APS plasmid was introduced by homologous recombination In E. coll 
with either pAdEasyl-pgal-QFP plasmid (which haitors an E1/E3 deleted Ad5 genome 
with reporter genes pgal of E coli and GFP) or pTG3026 plasmid (which harbors an 
intact Ad5 g^ome) Sgfl digested. 

5 

FIG. 4 is a graph showing the effects of induction of protease expression on viability of 
cells of 293-PS cell lines. Six 6 cm Petri dishes were seeded with 2x10^ cells of 293 and 
293-PS tTA. Aliquots were examined for living/dead cells by trypan Wue staining on day 
0 (00) through day 5 (I>5). Results of overall cell growth of a typical experiment are 
10 plotted as the count of total living cells as a function of time (in days) for 293-tTA-PS 
cells, either Induced (I) or not induced (Ni), with 293>tTA as controls. 

FIG. 5 is a schematic representation of the moleouiar cloning perfomied to generate 
recombinant adenoviral vectors by positive eeledfon with Ad protease. The recombinant 

15 represented here featured an El-deletlon. A shuttle vector, containing adenovirus 5 9.4 
to 15.5 mu part of the £^nome to allow leoombination, also hartxired a triple expression 
cassette containing, among others, the protease gene and a foreign gene of Interest (X) 
In place of the El region. After linearisation, the shuttle vector was cotransfected In a 
293-derived cell line with a inoteaseKleieted adenovirus genome cleaved in El. Due to 

20 protease deletion, only genomes for which recomt>ination, and thus the rescue of the 
protease gene, has occurred, produced viral plaques. The resulting recombinant N^ruses 
harbored no protease gene in L3 region, but the El -cloned gene and the protease are 
ectopically expressed from the El region. 

25 FIG. 6 is a photograph showing a Coomassie blue stained gel demonstrating the ability 
of AdS-APS mutant to perfomi a single round of replication in non-complementing cells. 
A549 cells wero inoculated at a MOI of 5 pfu with indicated mutants. 3 days later the 
cells were lysed in Laemmli buffer. 20 micrograms of protein extracts were loaded per 
well and migrated in a 12% acrylamlde:t^saotylamIde gel. Comparison of viral protein 

30 synthesized by the different mutants (i.e. hexon, 100K) shows that on^ AdS-APS 
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mutant produces them in amounts similar to that of wild-type vims. This confimis the 
ability of this mutant to perfomn a single round of replication in non-compiementing colls. 

FIG. 7 Is a graph showing the viral ^elds of different adenoviral mutants in A549 cells. 
5 The ability of Ad5-APS mutant to perform a single round of replication in non- 
complementing cells was further detemiined by titration of the same extracts as 
presented in Figure 6. A549 cells were inoculated at a MOI of 5 pfu with indicated 
mutants. 3 days later, cells were han^ested and extracts were titrated in 293itTA.PS.7. 
Titers are indicated in log values (0>9). 

10 

^, Rg. 8 is a graph showing effects of the.adenoviru8 protease expression on viral progeny 
yields. 29d-rtTA cells were infected under three different induction conditions urith Ad- 
TR5-PS-GFPq, ArfrR6-PS-QFPq, and AdS. Induction conditions are: uninduoed (Dox*). 
induced with 1 |ig/hrtl doxycycline at 5 hrs p.i. (DoX^ 5h) or 24 hre pj. (Dox^ 24h). The 
15 yields are shown as histograms and the error bar represents the standard mean 
calculated from 3 different points. 

Fig. 9 Is a photograph of an immund>lot sfiowing the level of ectopic expression of the 
protease (PS) g^e by a recombinant AdV selected by ectopic expression of the PS 

20 gene. Total protein extracts (40 pg) from 293-ilTA cell lines Infected with either AdTR5- 
PS-QFPq or AdTR6-PS-GFPq before (Ni) (lanes 2 and 5) and after (I) induction for 5h 
(l^es 3 and 6) or 24h (lanes 4 and 7) after Infection. All cells were harvested 48h after 
Infection and the total proteins were analyzed by SDS-PAGE (14%) followed by 
immunoblotting. As controls, E co// recombinant PS (lane 1), Ad endogenous PS (Ad5) 

26 (lane 8), parental 293-PS induced (lane 9) or non-induced (lane 10), and 293-rtTA cells 
(lane 11) were included. The upper panel (A) is an immunoblot revealed with rabbit 
polyclonal anti-PS semm v\^ereas the lower panel (B) was revealed virith an anti-actin 
monoclonal antibody to show equal loading. 

30 Fig. 10 is a graph comparing the effectiveness of infection/transfection and 
transfeotion/infection methods. To test the infectionAransfection method, infections with 

13 



PAGE19l62'RCVDATm0511:16:58AM[Eastem Daylight Tiine]'SVR:USPTO{F^ 



09-14-' 05 11:21 FROM-NRC 



613-952-6082 



T-507 P020/062 F-193 



different MOIs of Ad5-AP8 followed by tran$fection of pAdTRS-PS-QFPq (linearized by 
Fse I) at 5 hours post-Infection were carried out. 293A cells cultivated In 60 mm dishes 
were Infected at MOIs ranging from 10'^ TCID50 (1 TCID50 for 100 cells) to 10'^. Five 
hours after infection, cells were washed,, fresh medium was added, and cells were 
5 Iransfecled with 2jig of pAdTR5-PS-GFPq and 8 jig of carrier DNA using CaP04 
precipitation method (Jordan et al.. Nucleic Acids Res., 24, 596 - 601 (1996)). Cells 
were washed after 0/N Incubation and fresh medium was added. To test the 
transfectfion/lnfeo^on method, transfections with the same plasmid followed by infection 
16 hours post-transfectk>n were assessed. Cells were first transfected as described 
10 above and, after Q/N Incubation, cells were infected with same MOIs as above. Five 
da^ later, cells were freeze-tfiawed 3 times and titers of generated AdV were 
determined by plaque assay as detailed In Massie et al. {Cytotechnology, 28. 53 - 64 
(1998)). Viral yields in total f^iO^ cells are plotted as a fum^ion of the MOI used for 
infection. 

15 

F^. 1 1 is a graph showing effects of MOIs and harvest times on viral yield. To study the 
correlation between the MOIs used for infection and the AdV yields on each day post- 
Infection with the infection/transfectlon method, five 60 mm Petri dishes of 293A cells 
were infected at MOIs varying from 10'^ to 10"^ TCiDsoi and then transfected with 
20 linearized pAdTR5-PS-GFPq 5 hours later. The cells of each Isatch were split In 5 wells 
during the following days. On day 1, 2, 3, 4 and 6 post-Infection, <me well corresponding 
at each MOI was frozen. Titers of generated AdVs were determined by plaque assay. 
Viral yields in total pfu/10^ cells are plotted as a function of the MOI and the day post- 
Infection. 

25 

Fig. 12 is a graph showing the diversity of recombinant llbraiy generated by the 
infection/transfection mettiod. The diversity of libraries generated using the 
infection/transfection method was determined by establishing the minimal number of 
cells required to generate one recombinant. This was done using the 96 well plate 
30 format. To optimize tl\e ^eld of recombinant, the nimiber of ceHs per well and the MOI 
were varied simultaneously. One hur)dred }il of decreasing log 2 dilutions of 293A cells. 
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I 

Starting at 10* cells^lOO vi were plated into 10 wells of 96 well plates. The next day, 
cells were infected with 50 jJ of Ad5-APS, at MOIs 10 ^ 5x10"^ 2.5x10"* or 1.25x10'®. 
Five houiB later, DMA for transfection was prepared. Three of pAdTR5-PS-GFPq Pse 
I digested and 12 jig of carrier DNA were precipitated using the CaP04 method (Jordan 
5 et al., supra). The total voiume was then brought to 2.5 ml with fresh medium 10 
minutes later. Twenty-five ^il of this precipitate was di^ansed Into each well. The 96 
well plates were Ihoubated at 37*C for 5 days without any medium change. Cells were 
then hanrested and sutijectad to 3 fieeze-thaw cycles. For AdV detection from each 
wBl, fresh 293A cells (25000) were then plated and inoculated in the same plate fomiat 
10 with 70 111 of the products of each well. The plates were examined for up to 2 weele for 
- GFP+ cells as an indication of recombinant infection. 

DETAILfD DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 As used herein, the temi "adenovirus" (Ad) means any adenovirus of human, 
m£»nmalian, or avian origin (IMastadenovirus. Aviadenovlrus families): Of those, hwnan 
adenovinises Ad2 and Ad5 are preferred. Ad5 being particulariy prefened. 

In the context of the present invention, the temi *adenovinjs protease" designates tha 
20 protease of any adenovirus of human, mammalian, or avian origin, including analogues, 
homologues, mutants and isomers of audi protease. The tenm 'adenovirus protease 
gene' means the protease gene of any adenovirus of human, mammalian, or aNdan 
origin, including analogues, homologues, mutants and isomers of such gene. Even 
though minor cBfferences exist t>etween proteases of different adenoviruses, these 
25 proteases are htercliangeable. Proteases of human adenoviruses Ad2 and Ad5 are 
prefenred, the Ad2 protease being particularly preferred. 

The adenovirus protease (PS) is one of the essential late viral genes involved in many 
steps of the virus cycle (reviewed in Webr J.M.. In: The Molecular Repertoire of 
30 Adenovimses, W. Doerf ler and W. Boehm, eds.. Springer Veriag, pp 227 - 235 (1 995)). 

15 
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First identified by studies on the AdStsI temperature sensitive mutant QNeber J.M., J. 
Virol, 17, 462-471 (1976); Yeh-Kar et ai.. J. Md. Biol., 167, 217-222 (1983)), the 
adenovinJs protease is a l<ey enzyme in the adenovirus life cycle, sen/ing for maturation 
of several proteins. Proteins cleaved by this enzyme are the pns-temiinal protein (pTP), 
5 pVI, pVII, pVIII, plila and the 1 1 K DNA binding proteins (Anderson el al., J. Virol,, 12. 
241^252, (1973); Boudin et al., Virology, 101, 144-156 (1980); Tremblay et a!., Biochim. 
etBiophys. Acta, 743, 239-245 (1983)). In addition to those substrates, the cleavage of 
viral 52K protein (Hasson et al., J. Virol., 66. 6133-6142 (1992)) and of cellular 
cytokeratin 18 (Chen et al., J. Virol.. 67, 3507-3514 (1993)) play an important role In the 
10 viral cycle. Furthermore, the PS packaged within the mature virion is required for viraf 
entry into host cells (Gotten et al.. Viroi/ogy, 213, 494-502, (1985); Greber et ai., EMBO 
J., 15. 1766-1777 (1996)) and for the release of virions from Infected celts (Chen et al., 
si/p/a). IHov/ever, because the PS gene is not required for DNA repllcatbn. protease- 
deleted adenovirus mutants are capable of a single-round of repfication in non- 
15 complementing host cells (which do not supply the protease h bans). As discussed 
more in ctetail further in the disclosure, this feature can be used to provide a positivo 
selectk)n method and system for recombinant AdVs deleted for the pn^ease gene, by 
ectopto expression of the gene in other region of tfie adenoviral genome, in paitteular in 
El regton. 

20 

Adenovims protease deleted mutants provide numerous advantages for gene therapy 
and vaccination. Such mutants, whether deleted or not for additional genes (e.g., in the 
El coding region), are completely replication-deficient. Even though capable of cleaving 
some cellular proteins, the adenovirus protease is highly specific, making it e;dremely 

25 unlikely that the protease defect in the mutant could be overcome in a mammalian cell, 
an effect demonstrated for El deleted adenovirus mutants in some mammalian cdls 
(HeLa and teratocarcinoma stem F9 cells: Imperiale et al.. Mol. Cell. Biol., 4, 867-874 
(1984), Nevins et al., Curr. Top. Microbiol. Immunol.. 113, 15-19 (1984); embryonic 
carcinoma (EC): Keaveney et al.. Nature, 366, 562-566 (1993)). This provides an 

30 Increased safety level for therapeutic applications. For gene therapy applications, a 
complete blockage of replication of adenovirus can be reached by deleting the protease 

16 
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gene together with other gene or genes essential to the Wrus growth, such as El coding 
region. Fteoombinant vectors deleted only for the protease and thus capable of a single 
round of replication provide niteresting vectors for vaccination. 

5 Adenoviruses deleted for the protease gene require for their propagation a cell fine 
capable of providing the protease gene product in trans, such as the cell lines of the 
present invention. According to one preferred embodiment, 293S cell lines stably 
expressing the Ad2 protease (293-PS cells) have been generated. 293S cells were 
chosen for two reasons. Firstly, 293 cells allow the propagation of adenoviruses 

10 simultaneously deleted in El and/or E3 coding region, such as recombinant adenovirus 
_ vectors for gene therapy applications.^ Secondly, the non-adherent pherK>type of 293S 
cells is advantageous for a scale-up of preparation of deleted adenovirus (Gamier et al., 
CytotectHiokfgy, 15, 145-155 (1994))> for example for the production of vector stocks* It 
would be apparent to those skilled in the art that other cell lines capable of hosting 

15 adenoviruses, such as A549, 911, or BMAdEI (see US 5,891,690) would be ateo 
suitable for generating cell lines expressing the adenovirus protease gene* 

According to tiie preferred embodiment of the invention, inducible promoters were 
. chosen to achieve regutatabte expression of the protease gene in the cell lines of the 

20 inventkm, namely the tTA and rtTA systems (Gossen et al., Pmo. NatL Acad. Sci. USA, 
89, 5547-5551 (1992); Gossen et al.. Science, 268, 1766-1769 (1995)}. These systems 
aUow for inductt>le expression of the gene, either by adding or withdrawing tetracycline 
to the cells. Regulatable expression cassettes were chosen because of the ability of the 
adenovirus protease to dismpt some components of the cellular cytokeratin network 

25 (Chen et al., supra)* Hils function appears to play a key role in the phenotypic 
characteristk^ of adenovirus cytopathic effect, and thus may be at least deleterious for 
the liost celts. A regulatable expression cassette makes it possible to limit the 
expression of the protease, at least at a high level, only to periods of time when the 
inducer is either added or withdrawn, so that the toxic effect of protease whteh could 

30 hamper the generation or propagation of protease-deleted adenovirus ie eliminated. 
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(Cells transfected by foreign plasmid ONA are stressed by transfectton and much more 
sensitive to any toxic effects.) 

For recombinant adenovirus vectors for gene therapy and vaccination, putting the 
5 transgene into a similar regulatable e)q3ression cassette provides a number of 
advantages. By choosing, for example, either tTA or rtTA regulation system, this allows 
the control of expression of the transgene either by administering tetracycline or by 
withdrawing its administration, respectively. This can be useful, for example, in 
vaccination of animals for which tetracycline is added on a regular basis to feeding. 
10 Expression of the gene of interest can be in this case induced by withdrawing the 
administration of tetracycline during an appropriate period of time. It would be apparent 
to those sidlied in the art that other regulatable promoters, such as ecdysone or 
corticosteroid responsive systems could be used for the practice of the invention. 

15 Hie cell lines of ttie invention can be prepared by methods known to those Rifled in the 
art, in particular by cotransfection of cells capable of hosting adenovirus wrath pieces of 
ONA encoding the adenovims protease and pieces of DNA encocfing a selection factor, 
incubating the cells, selecting cells expressing the selection factor, and amplifying those 
expressing the adenovims protease. The selection factor can be anything vtAiich will 

20 allow the selection of a cell, such as, for example, an antibiotic resistance protein. 

According to the prefen^ embodiment, tiie novel complementing cell lines of the 
invention were produced by cotransfecting 293-tTA or 293-rtTA cells with plasmid 
pTR5/PS-DC/GFP (which contains a tetracycline regulatable (TR) promoter in a 
25 diclstronic cassette (DC) with the GFP and the protease (PS) gene) and with plasmid 
pTKNeo (comprising the gene of resistance to genetidn (antibiotic G418)) or with 
plasmid p3'SS (comprising the gene of resistance to hygromycin), respectively, and 
selecting transfected cells with these anttoiotics. Antibiotic-resistant colonies expressing 
the GFP protein were amplified and several of them selected for further analysis. 

30 
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To facilitate the screening of recombinant clones, the adenovirus protease gene was 
expressed from a dicistronic cassette (l\4osser et al.. Btotechnkfues. 22, 150-161 
(1997)) together vwth a reporter gene of Aquorea victoria green fluorescent protein 
(GFP) (Prasher et al., Gene, 111. 229-233 (1992); Heim et a)., Nature, 373, 663-664 
5 (1 995)). After the first selection with an antibiotic (G41 8 or hygromycin), cells expressing 
GFP were selected for further studies by automated fluorescent cell sorting. This 
system allowed an efficient generation of 293 cell lines stably expressing the active Ad2 
protease. 

10 It win be apparent to those skilled in the art that the pieces of DNA encoding the 
_ adenovirus protease may be introduced Into the cells using any DNA intracellular 

deliveiy system, such as, for example, recombinant plasmids, aruf by means of ariy 

transfection technique, such as calcium phosfdiate precipitation or liposome techndogy. 

Also, cells haiboring pieces of DNA encoding the adenovirus protease may be made 
15 selectable using any suitable selection factor, such as the gene of resistance to an 

antibiotic, which gene can be transfected into the cells by a suitable recombinant 

plasmid. - 

To study the biological activity of the recombinant protein, complementation of the 
20 AdZtsI mutant (Weber, J, Virol., 17, 462-471 (1976)) was examined. This mutant 
encodes a modified P137L protease which is active at the permissive temperature 
(33^C) and functionally defective at 39°C. Replication of the Ad2ts1 on 293-tTA-P8 and 
293-rtTA-PS cefl lines allowed for restoration of yields similar to that of the wild-type 
virus. It was also shown that expression of the protease was not toxic to the cells but 
25 rather slightly impaired the normal cell growth. The novel cell lines were also shown to 
restore replication of two novel adenovims mutants in which the protease gene has 
been deleted. 

The novel adenovirus mutants deleted for tfie protease gene can he prepared by 
30 methods knovm to those skilled in the art. In general, the preparatton of a viais mutant 
rel^ on preparing first the complete genome of the mutant by joining suitable pieces of 

19 
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DNA. either by ligation in vitro or by recombination in a cell. In the latter case, several 
(usually two or three) fragments of adenoviral DNA containing regions of similanty (or 
overlap) are transfected into host cells, where they become recombined into a full- 
len^h viral genome. Tlie fragments to be ligated or recombined may contain deletions 
5 and modifications with respect to the wild ty^e viral genome, but must otherwise contain 
its entire length. The DNA of the recombinant vims so prepared is then transfected into 
suitable complementing celts capable of providing in trans viral functions missing from 
the transfected recombinant viral genome as a result of the deletions and modifications 
introduced into the wild type genome. The recombinant vims will multiply in these cells 
from which it can be subsequently released, for example by subjecting cells to several 
freeze-thaw cycles. Numerous variations of this general procedure are possible, as 
would be apparent to those skilled In the art. 

According to the preferred embodiment, two novel Ad5 mutants (designated as 
Ad5CMVLaoZ-CMVGFP-APS and Ad5-APS, respectively) have been generated 
according to the general procedure outlined above, this was achieved by a series of 
donlngs Into bacterial ptasmids, followed by recombination of suitable fragments of the 
viral genonte perfomied in E. ooli, to generate bacterial plasmlds hariioring protease 
deleted adenovinis genomes. This proceduie is summarized in Fig. 2 and Fig. 3 and 
discussed In more detail In the following Examples. 

Ad5-APS mutant is deleted for the protease gene only. Ad5CMVLacZ-CMVGFP-APS is 
deleted for the protease gene, but also in El and E3 coding regions of the Ad5 genome. 
Both mutants have been successfully propagated in the novel complementing cell lines 

25 of the invention expressing the Ad2 protease. Ad5CMVi.acZ-CMVGFP-APS mutant 
contains in its genome two exogenous genes (transgenes): the gene of E. coli 
'pgalactosidase (pgal) and the gene of Aquorea victoria green fluorescent proteh (GFP). 
These reporter genes can be easily replaced with genes of therapeutic interest by 
methods Icnown to tiiose skilled in the art. in both mutants genes of therapeutic interest 

30 can be easily introduced by recornbinatton, as both were cloned in bacterial plasmlds. 
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One of the most widely used method to generate recombinant adenovirus vectors 
involves the transfection of restriction enzyme digested, deproteinized (naked) DNA 
comprising most viral genes and the right virai DNA terminus, in combination with a 
transfer vector containing the desired expression cassette, the left viral DNA terminus, 
5 and a segment of Ad sequences common to both molecules which pemiits homologous 
recombination (Stow, N.D., J. ViroL, 37, 171 - 180 (1981)), In typical experiments, co- 
transfection of 1^g of nalced viral DNA with the same amount of transfer vector using 
calcium phosphate precipitation generates approximately 10-30 recombinant plaques 
with an efficiency of 20 to 60% of recombinants (Jani et ak, J. of Virological Methods, 
10 64, 1 1 1 - 1 24 (1 997)). Such a low efficiency is not sufficient for generation of a library of 
recombinant adenoviral vectors, 
ft 

The present invention overcomes this limitation, by allowing, in a preferred embodiment, 
an easy and efficient generation of El -deleted, protease-deleted recombinant 

15 adenoviral vectors, comprising an exogenous gene or other expressible piece of 
exogenous DNA In El coding region. This is achieved by providing the protease gene 
(together with exogenous gene or expressible DNA) as part of a diclstronic or 
Independent cassette in place of El coding region In a shuttle vector. In vivo 
recombination of the shuttle vector with a protease-deleted adenoviral genome 

20 generates viable recombinants only when rescuing the protease gene cloned in El 
coding region. NonHiecombinant adenoviral genomes are unable to grow due to 
protease deletion, which results in elimination of the parental protease-deleted 
adenovirus after one round of replication. This positive selection ensures an easy 
generation of a large numt>er of high purity recombinant adenovirus vectors. 

25 

It would be obvious to those billed in the art that other essential late genes, not only the 
protease gene, could be used for the practice of the invention and that such an 
essential gene could be expressibly cloned into any transcriptional region of the 
adenoviral genome, in particular into any of the early transcriptional regions (El - £4). It 
30 is also not necessaiy that the exogenous gene be expressed from the same expression 
cassette (a didstronic expression cassette) as the essential gene. The exogenous gene 
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may be expressed from Its own expression oassete, under control of either the same or 
a different promoter as the essential gene is. In either expression cassete (or both), ihe 
promoter may be a regulatabie promoter, particulaily an inducible promoter, such as a 
tetracydlne-mducibie promoter. 

5 

The recombinant adenovirus vectors (AdVs) according to the invention, when 
comprising a therapeutic exogenous gene, are particularly useful for gene therapy and 
vaccination. However, the recombinat adenovirus vectors of the invention may be used 
to express any artNtraiy fragments of expressiUe DNA, such as DNA fragments 

1 0 resulting in expression of antisense RisiA fragments of a pretein gene. Other expressible 
_ DNA fra^ents could be cis-aoting .elements regulating gene expression, such as 
promoters (TATA bco^e), enhancere, suppressors, IRES, polyA, termination 
sequences, UTR sequences of messeages that regulate the stability and^or transport of 
the mRNA (reviewed In Mullick and Massie, In :The Encyclopedia of Cell Technology, 

15 Editor In Chief, Raymond E. Speir. Wiley Biotechnology Encyclopedias (2000) pp 1140- 
1164). Such recombinant vectore are particularly useful for the genratlon of vaious 
adenm^mlBXpression I9i)raries. 

The use of the PS gene as a positive selection factor is an easy, fast, and cost-efficient 
20 means to generate recombinant AdV. Up to now. screening problems have hampered 
the oonstmction of AdV-based libraries, because of the difficulty to generate high 
numt>ere of pure viruses. With the system of the present invention, a high diversity of 
genes or other expressible DNA fragments can be rapidly expressed by AdVs. Since 
Infection with protease-deleted Ad and transfection of the transfer vectors are readily 
25 scalable to more than 10® cells (Durocher et al., in: Recombinant Protein Production 
with Prokaryotic and Eukaryotic Cells. A Comparative View on Host Physiology, Kluwer 
Academic Publishers, Dordrecht, In press (2001)), the method of the present invention 
can allow for the constmction of libraries with diversity exceeding 1 0^ clones. 

30 
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EXPERIMENTAL 

The cell lines and vectors of the present invention have been prepared using techniques 
well known to those skilled in the art. The following examples are provided for better 
5 illustration of the invention. 

MATERIALS AND METHODS 

Cells and viruses 

10 293 cells are human embryonk; kidney cells expressing high levels of the adenovirus 5 
_. E1A and E1B products (Graham et aL. J. Qen, Virol,, 36, 59-72 (1977)). 293S cells, a 
non-adhersnt 293 cells clone has been prevfousfy described (Gamier et al., 
Cytoteohnology, 15, 145-155 (1994); Massle et aL, Bia/Technology, 13, 602-608 
(1995)). 29d-frA cell line was described by Massle et al. {J, Viml, 72, 2289-2296 

15 (1998)), and the 293-nTA cell line was obtained in a similar way. Adenovirus Ad2ts1 
mutant was prevmusly described (Weber, J. WroLi 17, 462-471 (1976)). Adeno^drus 
dl309 is a' fully replteative mutant and was prevtously described (Jones et. al., Cell, 13, 
181-188 (1978)). AdCMV5-GFP is a recomliNnant adenoviius in vihkh El region has 
been r^laced by a CMV driven GFP expies^n cassette (Massie et al.. 
20 Cytoteohnology, 28, 53 - 64 (1998)). 

Plasmids 

Plasmid pTKNeo was generated by auto-ligation of the BstEII fragment of pREP 9 
(Invitrogen). Plasmid pTR-DC/GFP was previously descnl>ed (Mosser et al, 1997). This 

25 plasmid has been modified from pUHD10.3 (Resnitsky et al., Mol. Cell. BioL, 14, 1669- 
1679 (1994)) which contains the tTA-responsive promoter with a dicistronic expression 
cassette. Dicistronic oqjression is permitted by the encephalomyocarditis virus IRES 
(Ghattas et al., Mol. Cell. BloL, 11, 5848-5859 (1991)). The original pTR-DC/GFP was 
modified by insertton of a Bglll site. Protease gene was exdsed from pAdBM5-P8, by 

30 BamHI digestk^n. sequenced and subdoned into the Bgtll site of pTR-DC/GFP. Final 
plasmid, pTRS/PS-DC/GFP thus co-expresses indudbly GFP S65T mutant and Ad2 

23 
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protease genes. Expression of GFP and protease were assayed by transfection in 293 
cells. The transient expression of fiie protease was established by Western-blot with an 
anti-protease pdyclonal antiserum raised in rabbit with a recombinant protein (from Dr 
J. Weber, University of Sherbrooke). The expressed protein had the same molecular 
5 weight as the native protein from wild-type adenovirus, and was expressed only when 
Induced. Plasmid pDE3 was a gift of Dr Lochmuller (Montreal Neurological Institute). 
This plasmid contains the right end of Ad5 genome from the BamHI site (21562) to the 
end of the genome, with an E3 deletion. This deletion corresponds to the one described 
by Bett et al. (1994) and originates from plasmid pBHG1 1 (extent of the deletion: 2786&' 
10 30995). Rasmid pAdEasy^l-pOal-GFP was a gift of Dr He (John Hopkins University, 
Baltimore. MD) and has been already described (He et ai.. 1998). Plasmid pTG36Q2 
(Chartier et al.. 1996) was a gift of Dr Mehtali (Transgene SA, Strasbourg, France), 
Recombinant adenow'rus construction in E. coli was perfonned as described 
respectively by He et al. (1998) and Chartier et al. (1996). 

15 

Generation of protease expressing cell lines 

293-tTA cell lines were generated by co-transfection of pTR5/PS-DC/GFP and pTKNeo. 
293 rtTA-PS clones were generated in a similar way by co-transfecting the same 
plasmid wHh the p3'SS (Stratagene) in 293S rtTA. Tiansfeolions were achieved by the 
20 optimized calcium phosphate precipitation method (Jordan et at., Nucleic AdtSs Res., 
15, 24(4): 596-601(1996)). For tTA and rtTA, selection drugs were respectively G418 
and hygromycin (Sigma Chemical). 

Selection of recombinant ceil clones 

25 After co-tnansfection and selection, clones of 2938 cells expressing the GFP from the 
dicistronic cassette were selected by screening for the expression of the GFP by flow 
cytometry analysis and cell sorting. Row cytometry was performed using an EPICS 
PrefOe il (Coulter, Hialeah, Ft, USA) with a 15 mW argon-ion laser. Cell sorting was 
carried out on an EPICS V (Model 752, Coulter) multiparameter laser flow cytometer 

80 and cell sorter, using the Auto-done (muHiwell automated cell deposition) system. 
Before selection and sorting, expression of both GFP cuid protease was induced by 
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addition (rlTA) or suppression (tTA) of doxycycline. For the analysis of GFP expression, 
ceils were sterily collected and concentrated (1 x 10^ cells/ml) in piiosphate-buffered 
saline (PBS) by centrifugation. The mostly fluorescent cells were gated and distributed 
clonally in 96-well plates. 

5 

Analysis of recombinant oroteln expression 

Expression of tiie GFP was checked periodically by flow cytometry analysis, while 
expression of the protease was assayed by western-blotting. Cells were washed in 
PBS, centrifuged and frozen. Lysis was canied out in 100 mM Tris-HCI [pH 6.9], 10% 
1 0 glycerol, 2% SDS, and high molecular weight DNA was disnipted by sonicatlon. Prior to 
.. assay, total protein contents of extracts were titrated using the DC Protein Assay Kit 
(Biorad). For electrophoresis, samples were diluted in Laemmli buffer (Laemmll et al.. 
J. MoL Biol..S6, 749-1 65. (1 974)) and boiled for 5 min. An estimated 20 W3 total protein 
quantity was loaded per well in 14% acrylamide:bisacry!amide (30:1) gels. After 
15 electrophoresis, proteins were transferred to nitrocellulose membranes which were 
subsequently blocked overnight at 4''C with PBS containing 5 % nonfat diy mlik. 0.1 % 
Tween 20. IThe rabbit anti-protease antibody was diluted 1:20000 in the same buffer but 
with 0.2% Tween 20. As an internal control, an anti-actin monock^nal antibody diluted 
1:10000 was used. Incubation was ovemight at 4*'C. Conjugates were used at a 
20 1 :10000 dilution in the same buffer for 1 hr at room temperature. Revefatkm was cam'ed 
out using the ECL chemllumlnescence Idt (Amersham) according to the manufacturer's 
instnictions. 

EXAMPLES 

25 

Genenatlon and isolatfon of 293 cell lines transformed vwth Ad2 protease aene 

Cell lines were generated by co-transfection and selection with appropriate agents as 

summarized in Table 1. 

30 Table 1 

Analysis of the clones obtained from transfonnation of 293 cells with protease 

25 
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Cells 


Plasmids used 


Selectbn 


Clones 


Clones 


Selected 




for transfection 


agent 


obtained 


analyzed 


Positive 












clones 


293 tTA 


pTR5/PS-DC/GFP 


+ G418 


>50 


17 


7 




pTKNeo 










293rtTA 


pTB5/PS-DC/GFP 


+ hygramycin 


>50 


14 


9 




p3'SS 











293 fTA cells were co-transfected wHh pTR5/PS-DaQFP and pTKNeo, while 293 rtTA 
' were co-transfected urith the same plasmid and p3'SS. After a 48 hour recovery, 
5 Iransfected cells vyere submitted to a three weeks selection by either G418 (500 ^ml) 
for 293 iTA or hygromycin (150 ng/ml) for 293 rtTA. During this time, fresh medium and 
drug were applied to cells twice a week. Throughout the selection process^ GFP 
expression was monitored on aliquots by flow cytometry analysis. Cells were then 
sorted using the multiwell automated cell deposition system and clonal distribution was 
10 visually checked. Expression was then assessed and only homogenous ctones (as 
checked by unicity of the peak of fluorescent cells) were selected. Results of GFP 
expression of stable clones are summarized in Table 2. 

Table 2 

15 GFP expresston and induction efficiency in 293-tTA-PS and 293-rtTA-PS 





Fl 




Induction 


Clone 


OFF 


ON 


Factor 


293-tTA-PS-2 


138 


2838 


20 


293-tTA-PS-11 


63 


1322 


21 


293-ITA-PS-15 


30 


3186 


106 


293-rtTA-PS-7 


35 


1228 


35 


293-rtTA-PS-10 


107 


720 


7 


293-rtTA-PS-17 


118 


1654 


14 
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Selected cell line clones were tested for the expression of the GFP (basal and induced) 
by flow cytometry analysis. Fl: fluorescence index calculated as the percentage of cells 
expressing GFP by the mean fluorescence value; OFF: GFP expression without 
induction (50 ng doxycHne per ml for tTA); ON: GFP expression afler induction (1 jig per 
5 ml for rtTA). Induction factor was calculated as the ratio between the Fi of the ON state 
and the Fl of the OFF state. 

Of all the tested clones, three of 293&1TA-PS and three of 293S-rtTA-PS clones were 
selected. Induction efficiency was measured by comparing products of the mean 
10 fluorescence of one cell by the percentage of fluorescent cells (fluorescence Indexes: 
Fl). Induction factors ranged from 7 to 106 which is in the range of what is usually 
obsenred with tetracycline-regulated expression cassettes. 

Protease expression In 293-tTA-PS and 293-rtTA-PS 

15 Of the clones tested for protease expression, three clones of 293-tTA-PS and of 293- 
rtTA-PS are presented (Fig. 1 A). Expression was revealed with a po^lonai rabbit anti- 
serum raised to the E co/Aexpressed protein. Results demonstrate that the expressed 
protein displays the same electrophoretic pattem than that of the endogenous 
adenovirus protein, and that the expression depends on the induction in all tested 

20 clones. The latter assertion was checked by the internal control (cellular actin) whldi 
demonstrates that the same amount of protein extract has been loaded in each well. 
Testing of all obtained clones of rtTA did not allow for observation of higher levels of 
expression than that reached with tTA clones. Level of expression of protease in all 
selected clones were equal or higher than that of the native adenovirus protease (Fig. 

25 1A, lane 3). To check that» 293 cells were Infected at a MOI of 10 pfu with AdCMVSr 
GFP (Massle et al., Cytotechnology, 2Q, 53 - 64 (1998)) and protein extracts were 
prepared at 48 hrs p.i. Similar level of expression was achieved with the clones derived 
from 293-tTA and 293-rtTA cells. 
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Biotogical activity of protease expressed by cell lines 

To study the biological activity of Ad2 protease In transfonned cell lines, 
complementation of the temperature-sensitive Ad2ts1 and of two novel protease deleted 
5 mutants by the cell lines was examined, Ad2ts1 viral particles produced at 39*C contain 
a functionally deHcient protease, and they were used to assess complementation. 
Results of one-step growth curves In 293 and 293-PS cell lines (tTA and rtTA) for 
Ad2t8l are summarized In Table 3 and for both novel protease deleted mutants In Table 
4. 

10 

_ Tables 

Yield of dl309 and Ad2ts1 from One-Step growth curves In different 293-detlvBd cell 
lines 

VIrua Ceniine Temperature Wus 



ffier 

dl309 293-frA 33 '■ 1.7x10" 

39 1.2x10^ 

293-tTA-PS-15 Nl 33 2.0x10® 

39 1.2x10® 

203-tTA-PS-l5 1 33 8.1x10'' 

39 7.0x10^ 

293-rtTA 33 1.6x10® 

39 1.5x10® 

293-rtTA-PS-7NI 33 1.5x10® 

39 1.0x10® 

293-nTA-PS-7 1 33 7.8 x 10^ 

39 7.2x10^ 

Ad2ts1 293-tTA 33 2.5x10® 

39 5.0x10® 

293-tTA-PS-l5 Nl 33 1.6x10® 
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39 


9.0x10^ 


Z93-tTA-PS-15 I 


33 


4.0x10^ 




39 


6.0X10^ 


293-rtTA 


33 


2.0x10' 




39 


2.0x10'' 


293-rtTA-PS-7NI 


33 


1.5x10' 




39 


3.2 X 10' 


293-rtTA-PS-7 1 


33 


8.0x10^ 




39 


5.8X10^ 



Cells were infected at a muKiplicity of 2 plaque-forming unit (p.f.u) per oelL 2-3 days 
later at 39^C or 5 days later at 32^C, cells were harvested, frozen-thawed three times, 
and scAsequent extracts were titrated. Results of a typical e)qDeriment are presented 
5 here, liters were determined as p.f.u. on 293 cells at 33''C, Nl: non-induced, I: induced 
expressions. Experiments carried out at 33''C were inciuded as controls. 

While Ad2fe1 yielded respectively 5x10^ p.f.u. and 2x10^ p.f.u. at 39"^ in 293-tTA 
and 293HtTA cell linest complementation was evidenced by the otitentlon of titers 
10 similar to that of the dl309 mutant in protease expressing cell lines. Induction had the 
effect of sightly decreasing titers, but surprisingly* basal expression of the gene from 
293-tTA-PS-15 and 293-rtTA-PS-7 was sufficient to complement the Ad2ts1 mutant. 
There was no difference between tTA and rtTA complementing ceil lines. 

15 To further demonstrate the biological activity of cell lines and to characterize novel Ad5 
mutants, one-step growth curves in 293-tTA/rlTA and 293-tTA/rtTA-PS cell lines were 
generated (Table 4). 

Table 4 

20 Yield of Ad5CMVLacZ-CMVGFP-APS and of Ad5-APS with corresponding controls from 
One-Step orowth curves in different 293-derived ceil lines. 
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Virus 


Celt line 


Vinjs Titer 


AdSCMVUcZ-CMVGFP-APS 


293-tTA/rtTA 






293-rtTA-PS-7 Nf 


10® 




293-rtTA-PS-7 f 


6.0 lO'^ 




293-tTA-PS-15NI 


1.410* 




293-tTA'PS-l5 1 


5.0 10^ 


Acl5CMVUcZ-CMVGFP 


293-tTA/rtTA 


6.310^ 




293-rtTA-PS-7 Nl 


6.5 10' 




293-rtTA-PS-7l 


1.2 10* 




293-tTA-PS-15NI 


5.0 10® 




293-tTA-PS-15 1 


10® 


Ad5-APS 


293-tTA/rtTA 


<10* 




293-itTA-PS-7 Nl 


1.410® 




293-rtTA-PS-7 1 


7.0 10^ 




293'tTA-PS-15NI 


1.5 10® 




293-tTA-PS-15 1 


5.2 lO'^ 


Ad5 


293-tTA/rtTA 


6.0 10* 




293-rtTA-PS-7NI 


6.5 10® 




293-rtTA-PS-7 1 


1.010® 




293-tTA-PS-15NI 


6.5 10® 




293-tTA-PS-15 1 


1.0 10® 



Cells were infected at a multiplicity of 2 pfaque-forming unit (p.f.u) per cell. 2-3 days 
later, cells were harvested, washed three times in PBS, frozen-thawed three times, and 
subsequent extracts were titrated. Results of a typical experiment are presented here. 
5 Titers weiB detemtined as p.f.u. on 293 cells. Nl: non-induced, I: induced expression. 

Biological activity was also demonstrated by the abBity of the 293-rtTA-PS-7 clone to 
genereto protease deleted mutants Ad5CMVLacZ-CMVGFP-APS and Ad5-APS after 
transfection of recombinant DNA. As expected, while the protease deleted mutants 
10 wore unable to grow in 293-rtTA, oomplementatlbn by cell Ones allowed for the 
restoratbn of viral titers close to those of the controls (which are exactly the same 
vlmses as the mutants, except for the presence of the protease gene), ft is noteworthy 
that as for /^2ts1. basal protease expression from both tTA and rtTA complementing 
ceil lines is sufficient to complement the protease deleted mutants. It is also noteworthy 
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that in the induced state of expression of tlie protease, viral yields were slightly 
decreased. 

Growth rate of 293-PS cell lines 
5 Visual examination of 293-PS cell lines showed that after induction of expression ceils 
did not displayed a significantly different phenotype. To further study the effect of 
induction on cell lines, viability of cells was nrteasured by counting living cells, either 
induced or not, after trypan blue staining every day front DO to D5. For 293-rtTA-PS 
celts, there was no difference between induced or non-lnduoed cells. For one done of 
10 2934TA-PS (clone 2), results are represented in Rgure 4. It can be seen that the 
expression of the protease had no significant deleterious effect on cells growth. It is 
clear as well that ad no effect could be evidenced during a period (24-48 hre) 
compaUble vM\ the production of a lecombinant adenovirus mutant, these ceil Knes will 
be useful for generation and expansion of protease-deprived mutants. Expression of the 

15 gene did not show a toxic effect, but rather a slight cell growtti impaimtent' when 
maintained in the induced state of protease expression, cells grew slower. Given that 
overexpression of the protease could slightly impair ceil growth as well as reducing viral 
yields, controlling its expression with a reguiatable promoter was paramount both for 
oi>taining the best protease oomplenienting ceR lines as well as for bisurftig maximal 

20 production of protease deleted AdV. 

Stabilitv of 293-PS cell lines 

To check the stability of selected clones, cell lines maintained during 2 months without 
selection drug were assayed for the expression of the GFP and of the piXDtease. Both 
25 proteins were expressed at levels similar to that of early passage cells as determined by 
respectively flow cytometry and immunoblot analyses (data not shown). No change in 
drug susceptibility was noticed after 2 ninths passages and neither did protease 
expression levels were modified. 
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Transfectabilitv of 293 PS cell Hnes 

Clones 293-tTA-PS-16 and 293-I1TA-PS-7 were analyzed for the ability to support the 
production of viral plaques after transfectlon with AdCMV-LacZ DNA. Both clones 
5 yielded as many viral plaques as respectively parental 293'tTA and 293-rtTA cells. 
293PS cell lines were thus very efficiently transfected and were subsequently used for 
the generation of protease-deleted mutants. 

Effect of adenovims infection on protein expression 
10 To study the effect of the expression of IVa2 products (Lulz et al., J. Virol., 70, 1396- 
_ 1405, (1996)) on the MLP enhancer that is included In our construction, ceH lines were 
infected in triplicate at a MOI of 1 p.f.u. and QFP expression was followed In induced 
and non-induoed cells. No significant difference could be evidenced between both 
batches. 

15 

Genemtion of protease-deleted mutants 

Pla^ids clonings are summarized in Fig. 2. For the construcUon of protease-deleted 
mutants of Ad5, an extension sufficient for hormriogous recombination was first 
Introduced in pDE3 plasmid by ligation of the 6145 bp fragment resulting from the 

20 RsrII/Xhol digestion of the Ad5 genome into the unique sites Sati and Xhoi. To clone 
this insert and generate pDE3-ext plasmid, Rsrii (from the insert) and Sail (from pDE3) 
were first T4 DMA polymerase repaired. Pi^ease deletion was engineered by PGR to 
syntttesize a 171 bp upstream fragment (fonvard primer 
gtcgacCATGGACGAGCCCACCCTTCT. SEQ. ID NO; 1 reverse primer: 

25 ggatccGGCGGCAGCTGTTGTTGATGT) SEQ. ID NO: 2 and a 2448 downstream 
fragment (fonward primer agatctAAATAATGTAOTAGAGAGACT, SEQ. ID NO: 3 
reverse primen ctcgagTTCCACCAACACTCCAGAGTG) SEQ. ID NO: 4 (Restriction 
sites added for cloning purposes are shown in lower case.) These fragments were 
cloned in the pDE3 plasmid in the Sail and Xhol sites of the plasmid, using the 

30 BamHi/Bglli ligation compatibility. The Sfil/BamHI fragment from this plasmid was 
subcloned into pSL1190 plasmid (Pharmacia) and sequenced. It was subsequently 
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cloned into pDE3-ext plasmld In th© same sites, generating pDE3-ext-APS plasmid. To 
generate protease-deleted Ad mutants, recombination into E. coli was chosen (Rg, 3). 
An E1/E3 deleted mutant: Ad5CMVLacZ-CMVGFP-APS was constaicted in plasmld by 
cotransfection In E. ooli of the Ndel/Xhol fragment from pDE3-ext-APS with pAdEasyl- 
5 pgal-GFP Sgfl digested. A mutant deleted only for the protease (Ad5-APS) was 
generated In the same manner from pTQ3602 plasmid. Seven micrograms of plasmld 
DNA Pad digested from both pAdEasyl-pgal-GFP and pTQ3602-APS were transfected 
in 293-PS-rtTA-7 ceil line clone to generate recombinant protease-deleted mutants. The 
same amount of recombinant lineaiized plasmid DMAs were also transfected In 293 and 

10 293-rtTA cells as controls. As expected, this experiment yielded no viral plaques. After 
_. 10-14 days vimi plaques wer« observed in 293-PS-rtTA. As recombinant adenoviruses 
have been generated in E.coli, no further cloning of plaques was required (He et al, 
1998; Chartler et al, 1996). The whole monolayer was scraped and vinjs was released 
from cells by freeze-thaw cycles. All >^ral iriaques of recombinant virus displayed no 

1 5 phenotypic differences from that of wild-type vims. 

Ability of Ad5-APS mutant not deleted for El to perform a single rou nd of replication in 
non-complementing cell lines. 

To demonstrate the ability of the mutant deleted for the protease and not for El (Ad5- 
20 APS) to perform a single round of replication in non-complementing cell lines, ^49 
colls were Inoculated with wild-type, Ad5-APS, AdAE1.E3. and AdSCMVLacZ-CMVQFP- 
APS vimses. Comparison of viral protein production (Rg. 6) and of viral yields (Rg. 7) of 
the different vimses show that only the mutant deleted for the protease and not for El is 
able of undergoing a single round of replication in non-complementing cells. 

25 

Selection of recombinant AdV bv ectopic expression of the PS gene 
Adenovims has temninal proteins covalently linked to Its ITRs, whic^ enhances ite 
infectivity by more than lOO-fold above what Is obtained with naked DNA. As a first step 
towards the constniction of AdV libraries, the efficacy with whteh recombinant AdV could 
30 be obtained following co-tmnsfection of a transfer vector with viral DNA-TPC was 
evaluated. Combining published protocols (Miyake et al.. Proc. Natl. Acad. Sci, USA, 93. 
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1320 - 1324 (1996); Okada et al., Nud, Acids Res., 26. 1947 - 1950 (1998)), vimi DNA- 
TPC was purified. Hie best of several preparations ^'elded approximate!/ 150000 
. plaques/|jg of uncut Ad DNA-TPC. Generation of recombinant AdV was compared for Ad 
DNA-TPC and naked Ad DNA. After digestion with Clal and co^iansfection with a transfer 
5 plasmid expressing GFP (pAdCMV6-GFPq), at least 100 times more recombinants were 
generated with DNA-TPC (that is 35(X)-5000 plaques/ng) than with nal<ed viral DNA. The 
ratio of recombinant/non-recombinant plaques was about 60% in two separate 
eiq)ei1ment$. 

10 As PS-deleted Ads are capable of only one round of replication in 293 ceils (Oualikene et 
_ ai., Hum. Gene Then, 9, 1341 - 1353 (2000)), this characteristic was exploited to develop 
a positive selection method, i.e., whether recombinant vectors could be efficiently selected 
using ectopic expresston of tfie PS gene in the El region foUowing recombination (Fig. 5). 
As it had been shown pre^ously that minute amounts of PS could fully complement P8- 

15 deleted Ad while over-expression of PS could be deleterious to cells (Oual8<ene et al., 
supta). two promoters of different strength were tested. In both cases, the PS gene ckmed 
in an Ad transfer vector was expressed from a tetraoydine-inducible promoter containing 
either the TATA box of the CMV promoter (TRS) (Massie et al., J. WoL, 72, 2289 - 2296 
(1998)) or the weaker TATA box of the TK promoter (TR6), in a dtoistronio cassette co- 

20 expressing GFP (Massie et al.. Cytotedinohgy, 28, 53 - 64 (1998)). Co4ransfectkx) of 
linearized pAdTR5-PS-GFPq and pAdTR6-PS^3FPq transfer vectors with C/aAdigested 
DNA-TPC of Ad5~APS in 293 cells allowed for generation of viral plaques that appeared as 
eariy as 5 days after co-transfection. One hundred viral plaques for each transfections 
were checked by mteroscopic examination for GFP e)q»resslon directly on the transfected 

25 plates or after infection of 293'-rlTA cells to increase the GFP signal by induction of the 
promoter. All generated plaques were GFP positive after one round of multiplloation on 
293-rtTA under Induced condittons. Tv/o independent clones originating from the 
transfecllon with pAdTR5-PS-GFPq and pAdTR6-PS-GFPq respectively, were randomly 
chosen and plaque-purified once to further assess their purity. In both cases. 100% of the 

30 resulting plaques (175/175) were GFP positive. Therefore, ectopic expression of the PS 
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gene with either promoter worked equally well for the positive selection of recombinant 
AdV, even under uninduoed conditions. 

Detenmination of PS expression effect on viral Pfpgenv yields 
5 Since the PS gene Is expressed in recombinant AdV from a different promoter, the growth 
of AdV ectopically expressing the PS compared to the wild-t^e Ad5 was tested, in order 
to ensure that the positive selection method was not affecting the growth of the resulting 
AdV. Under uninduoed conditions, for both promoters (TR5 and TR6) the AdV progeny 
grew as efficiently as a nornial vims. However, for AdTR5-PS-QFPq the yield was reduced 
10 by about 6-fold following induction at 5 hours, while induction at 24 hours had no effect on 
viral growth (Rg. 8). The 2-fold reduction in viral progeny obsewed with the El -deleted 
AdV as compared to wild-type Ad5, is due the expression of the El region by the parental 
virus which is not fully complemented for El -deleted AdV in 293 cells (unpublished 
results). 

15 

Th© reduction of viral progeny from AdTRS-PS-GFPq-infected cells under induced 
conditions at early time was expected, because it had been previously demonstrated that 
premature activation of PS by addition of pVIc can significantly reduce viral titers 
(Rancourt ef al.. Vimlogy. 209, 167 - 173 (1995)). This was simulated In this experiment by 

20 the inappropriate timaig of PS over-expression by induction 5 hours after Infection. 
Furthenmora. as Shown in Fig. 9, the level of PS expression from AcTTRS-PS-GFP 
following indu<^on Is much hifilher than ite level without Induction, which tumed out to be 
similar to the one seen In Ad5 Infection (Fig. 2, lane 8). By contrast, the expression level of 
PS from AdrR6-PS-GFP following induction is similar to the level seen in Ad5 infection, 

26 and about 10-fold lower In uninduoed conditions. These data oonfimn previous results 
which showed that lower level of expression of PS was enough to complement Ad5-APS 
for rsplication, while premature over-expression of PS was deleterious to viral growth 
(Oualikene et al., supra). Interestingly. In the case of AdTR6-PS-GFPq, no significant 
difference was found after early induction, yet the growth of tiie resulting AdV was nomnal. 

30 The fact ttiat a much weaker promoter can be used will ensure that In functional studies of 
transgenes in non permissive cells, the very low levels of expressk>n of the PS gene will 
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not interfere with the cell physiology In any significant ways. In fact, this expression level 
will be much lower than what is well tolerated in 293-P6 cells lines under uninduced 
conditions (Fig. 9, lane 10), since the amount of PS produced in AdTR6-PS-GFPq-infecled 
293 cells is eiqpressed from 10^ cqsies of the gene subsequent to viral DNA repfication, 
5 whereas it will be 100-1000 times lower fn non-conplementing cells at low MOI (Massie et 
al., supra). 

Constnjotion of recombinant AdVs by the Infection/Trans fection protocol 

Although efficient at generating large number of recombinant plaques with the PS 

10 selection, the production of significant quantities of pure digested viral DNA-TPC is 
expensive and time-consuming. This could represent an obstacle for the generation of 
larger libraries requiring significant amounts of viral DNA-TPC for the transfection of 
much higher number of cells. Given the efficiency of the PS selection, it was decided to 
simplify the method by directly delivering the Ad5-APS genome by infection in 

15 combination with transfection of the transfer vector expressing the PS gene. Since 
GFP-i- plaques could be more readHy detected with pAcfTRS-PS-GFPq in 293 cells 
(uninduced conditions), this transfer vector was used to establish the optimal conditions 
for this infeotion/transfection protocol. 

20 In a first series of experiments, 293 ceOs were either first infected with AdS/APS and 
tiansfected with pAdTRS-PS-GFPq 5 hours later, or first transfected and infected after 
overnight (O/N) incubation. ITie infection was canned out at different MOI ranging from 
10* to 1 0'^ and cells han/ested at 5 days post-Infection or post-transfectlon, as the case 
may be. The results from the lntn"rans and Trans/Inf methods were compared by 

25 titrating viral yields by plaque assays (Fig. 10). The con-elation between the rssuiting 
AdV titer and MOI used was sigmoidal with a peak at a MOI of 10"® for both conditions. 
In this particular experiment, a significant decrease was obsewed at MOI of 10*. 
However, In other separate experiments, this decrease was not seen at the MOI of 10^ 
but rather al 10"\ In any case, this indicated that there was an upper limit to the amount 

30 of M5/&PS that can be used to obtain the best titer of recombinant AdV. Overall, both 
methods being equivalent, the Ini/Trans method was further investigated. 
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In another series of experiments, 293 cells were Infected with Ad5-APS at MOIs of 10 ^ 
10^ and 10^, and harvested at different times ranging from 1 to 6 days post-transfectlon 
with pAdTR5-PS-GFPq. The results shown In Rg. 11 Indicated that the recombinant 
5 AdV are firel detected at day 2 and their number steadily Increased up to day 6. The 
best titer at day 4 was obtained with a MOI of lO"®. However, the difference In yields at 
day 6 is less accentuated for the different MOIs. wh«e at that point the best titer was 
obtained with a MOI of 10^. This Indicated that the optimal MOI could varied within on© 
order of magnitude without significant fluctuation In the yield. Unfortunately, It was not 
10 possible to establish the number of recombination events since as soon as a 
recombinant AdV Is generated it will produce a progeny which will Increase the total 
number of recombinants. Thus, the Increase in total number of recombinants from days 
2 to 6 could be due to both new recombination events as well as amplification of 
recombinants generated the previous days. 

15 

DBterniination of Iforarv diversity 

In Older to detemiine the potential diversity of AdV libraries generated by the Inf/T rans 
method, an experiment In 96 well plates was canled out to establish the minimal 
number of cells required for one recombination event. A series of two-fold dilution of 

20 cells from 10* per wells were Infected with 4 different MOIs from 10^ to 1 .25X10-^ and 
the eels harvested 5 days post-tran^tlon with pAdTR5-PS-GFPq. Fifty percent of the 
iysate from each well was then used to Inftect 293 cells in 96 weH plates and the 
presence of recombinant AdV was assessed by scoring GFP+ cells. The results are 
presented In Fig. 12. At 5000 cells/well the variation of yield at various MOI was 

25 minimal, all wells (1 0/1 0) being GFP+ except at the lowest MOI. At the optimal MOI of 
10'^ one recombination event could be detected with as BlUe as 625 cells in 6 out of 10 
wells. In accordance with the Polsson distribution, this data can be interpreted as an 
indication that one recombination event had occurred in less than 10^ cells. 

30 In a further experiment, the representativeness of libraries generated either by co- 
transfection of viral DNA-TPC with a mixture of transfer vectors or by the Inf/Trans 
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method with positive selection with the PS gene was compared. To simuiafe a real 
library, the mixture of transfer vectors was effected by mixing different ratio of bacteria 
harbouring the various plasmlds and extrac^ng the DMA from the pool of the mixed 
populations. As shown In Table 5, thousand of plaques were g^erated by co- 
5 transfection with viral DNA-TPC, of which about 80% were recombinants. It is 
noteworthy that the ratio of BFP/QFP plaques was fairly representative of the InRiai 
input of bacterial clones harix)ring the respective transfer vectors with a diversity 
approaching 1 in 500 In this particular experiment. With the Inf/Trans method, 100% of 
the plaques were recombinants while, as it can be seen in Table 6, that the ratio of 
1 0 GFP-/GFPi- clones was also consistent with the ratio of input transfer vector DNA. 

Tables 

Analysis of the representativeness of a mini AdV library generated by co^nansfeclfon 
with viral DNA-protein complex. 

BFP-»yGFP+ Total number Percentage of BFP+ GFP+ BFP-4/GFP+ 
(ratio of DNA) of plaques recombination plaques plaques (ratio of plaques) 

lOO/l 1000 75% 736 14 52.6/1 

500/1 1100 84% 020 4 230/1 

15 

The 293 cells were co-transfected with AdAE1AE3/ DNA-TPC Cla! digested and two 
different ratio of the pAdCMVSBFPq/^ACIWSQFPq Oa/ digested The following day, 
the fransfected ceils were split 1/10 with fresh celts, and overiaid with agarose. The 
number of total plaques, percentage of recombmation, emd the ratio of BFP-i^/GFP-i- 
20 plaques are presented in this table. 
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Table 6 

Analysis of the representativeness of a mini AdV (ibrarv generat ed bv the tnf/T rans 
method with posHlva selection bv ectopic expression of the PS gene 

GFP7GFP+ QFP- QFP+ GFP-/GFP+ 

(ratio of DNA) plaques plaques (ratio of plaques) 

5C/1 2500 72 34.7/1 

100/1 1838 27 83.5/1 



5 293 cells were infected with Ad5-APS at a l\^Oi of 10'^ and then transfected with two 
" different ratio of the pAdTRS-PS/pAdTRS-PS-GFPq Fsel digested. The cells were 
harvested 3 days post-infection, freeze-thawed and seeded on 293 cells at the 
appropriate dilution to yield well isolated plaques (around 10"^. The number of GFP+ 
and GFP- plaques and their ratio are presented in this table. 

10 

The following cell line was deposited with the American Type Culture Collection 
(ATCC), 10801 University Boulevard, Manassas, VA20110-220& on Decembers, 1998 
and assigned the following accession number: 

15 

complementing cell line 293 rtTA.PS.7 ATCC CRM2595 

The following adenovims mutants were deposited with the American Type Cutture 
Cdiectkm on May 5, 1999 cuid assigned the following accession numbers: 

20 

human adenovims type 5 mutant Ad5-APS ATCC-VR-2640 
human adenovims type 5 mutant Ad5CMVIacZ-CMVGFP-APS ATCC-VR-2641 

The following plasmids and recombinant adenovims mutants were deposited with the 
25 International DeposHoiy Authority of Canada, Bureau of Microbiology, Health Canada, 
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1015 Arlington Street Winnipeg, Manitoba, Canada R3E 3R2 on Feb. 1 2000 and 
assigned tiie following accession numbers: 

transfer plasmid pAdTR5-PS-QFPq IDAC01 0201 -1 

transfer plasmldpAdTR6-PS-GFPq IDAC010201-2 
recombinant adenovirus mutant rAdTRS-PS-GFPq iDAC010201-3 
recombinant adenovims mutant rAdrR6-PS-GFPq IDAC01 0201-4 



Although various particular embodiments of the present invention have been described 
10 herein before, for puiposes of illustration, it would be apparent to those skilled In the art 
that numerous variations may be made thereto without departing from the spirit and 
scope of the invention, as defined in the appended claims. 
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WHAT IS CLAIMED IS: 

1. An adenoviral expression library comprising a plurality of recombinant adenoyiruses, 
5 each recombinant adenovirus being deleted for an essential gene of a fate 
transcriptional region of adenoviral genome and having the essential gene expressibly 
cloned in a second transcriptional region of adenoviral genome, each recombinant 
adenovims further comprising an expressible piece of exogenous DNA. 

10 2. An adenoviral expression libraty according to claim SO, wherein tfie essentiai gene of 
a late transcriptional region is the gene of adenovirus protease. 

3. An adenoviral expression library according to claim 51, wherein the second 
transcriptional region Is an early transcriptional region. 

15 

4. An adenoviral expression lifcrraiy accoixiing to dalm 52. wherein the early 
transcriptional region is selected from the group consisting of El, E2. E3 and E4 
transcriptional re^ons. 

20 5. An adenoviral expression library according to claim 53, wherein the eariy 
transcriptional region is El transcriptional region. 

6. An adenoviral e^qaresslon library according to claim 51 , wheraln the essential gene is 
a part of a first expression cassette. 

25 

7. An adenoviral expression library according to claim 55, wherein the expressible piece 
of exogenous DNA is a part of the first expression cassette. 
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8. An adenovlml expression library according to claim 56, wherein th© fii^ expression 
cassette is a dicistronic cassette. 

5 9. An adenovlfBl expression library acooitflng to claim 57, wherein the first expression 
cassette comprises a regulatable promoter. 

10. An adenoviral expression library according to claim 58, wherein the regulatable 
promoter is an inducible promoter. 

10 " 

11. An adenoviral expression library according to claim 59, wherein th© inducible 
li^omoter is a tetmcyoline-inducit)le promoter. 

12. An adenoviral expression library according to daim 51, wherein the expressible 
1 5 piece of exogenous DNA is a part of a second expression cassette. 

13. An adenoviral expression library according to claim 61, wherein the second 
expression cassette comprises a regulatable promoter. 

20 14. An adenoviral expression library aooonJing to dalm 62, wherein the regulatable 
promoter is an inducible promoter. 

15. An adenoviral expression library according to claim 63, wherein the inducible 
promoter is a tetracycKne-inducibte |»omoter. 
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16. An adenoviral expression library according to claim 51, wherein the expressible 
piece of exogenous DNA is derived from a ONA library. 

17. An adenoviral expression library according to claim 51, wherein the expressible 
5 piece of exogenous ONA is a DNA fragment expressing antisense RNA fragment for a 

protein gene or a cis-acting element regulating gene ex|;Miession. 

18. An adenoviral expression library according to claim 66, wherein the cis-acting 
element regulating gene expression Is selected from the group consisting of promoters 

10 ^ (TATA boxes), enhancers, suppressors, IRES, polyA, termination sequences, and l/TR 
sequences of messages that regulate the stability and/or transport of mRNA. 

19. An adenoviral expression llbraiy according to claim 51, sard library havir^ diversity 
of at least 10^ clones. 

15 

20. An adenoviral expression library according to claim 62, aard library having diversity 
of at least 1 0^ clones. 
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EFFICIENT GENERATION OF ADENOVIRUS-BASED LIBRARIES BY POSITIVE 
SELECTION OF ADENOVIRAL RECOMBINANTS THROUGH ECTOPIC 
EXPRESSION OF THE ADENOVIRUS PROTEASE 



Abstract 

Disclosed is a new system for generating recombinant adenovinis vectors and adeno>Hru8- 
based expression libraries, by positive selection of recombinants deleted for the 

10 endogenous protease gene, which gene is expressibly cloned into another region of the 
' adenoviral genome. In a pi^femed embodiment, the invention allows positive selection of 
El -deleted, protease-deleted recombinant aderwvims vectors comprising an exogenous 
gene or an e)4>re$$it>ie piece of exogenous DNA, by providing an expression cassette 
comprising the protease gene and the exogenous DNA inserted In place of El region in a 

15 shuttle vector. In vivo recombination of the shuttle vector with a protease-deleted 
adenoviral genome in suitable non-conqilementlng cells generates viable recombinants 
only when rescuing the protease cloned in El re^on. Non-recombinant viral genomes are 
not able to grow due to the deletion of the protease gene, ensuring that only recombinant 
viral plaques are generated. This positive selection can be used for the generation (rf a 

20 large number of high purity recombinant adenovirus vectors and allows generation of 
adenovirus-based libraries with diversity exceeding 10® clones. 
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Fig. 4 
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Fig. 8 
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Fig. 10 
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Fig. 12 
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